Pattern of cellular quiescence over the hibernation cycle in liver of thirteen-lined ground squirrels.
Mammalian hibernation is a state of seasonal heterothermy that consists of long periods of torpor at low body temperature interspersed with short periods of arousal back to euthermia. Entry into the hypometabolic state of torpor is achieved via a strong coordinated reduction of energy expenditures, particularly ATP-expensive activities, such as transcription and translation. The present study analyzes the status of the cell cycle during hibernation in liver of thirteen-lined ground squirrels (Ictidomys tridecemlineatus) and examines the expression levels of cell cycle regulators over six stages of the torpor-arousal cycle. Immunoblot analysis showed that the protein expression levels of cyclin D1 and cyclin E were reduced in liver (by 31% and 48%, respectively) during long-term torpor; however, during arousal from torpor, PCR analysis showed an upregulation of cyclin D1 transcript levels of about 1.5-fold. Protein expression of cyclin A and cyclin B1 were also elevated (1.57-fold and 2.44-fold, respectively) during early arousal from torpor, and in addition, cyclin A2 transcript levels increased by about 1.8-fold during arousal. Protein levels of two CKIs, p15(INK4b) and p21(CIP1), each increased by about 1.4-fold during torpor, and transcript levels of p15(INK4b) also rose by 1.7-2.1 fold during torpor, whereas p21(CIP1) transcripts increased by 1.5-1.7-fold. A reduction in cyclin D and E protein expression coupled with upregulation of p15(INK4b) and p21(CIP1) inhibitors during torpor reflects markers of cell cycle arrest during hibernation. Elevated expression of cyclin A and B protein expression during arousal stages of torpor suggests cell cycle progression is reversibly arrested during torpor and is reinitiated upon return to euthermia.